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3 state variables / 3 equations
• The rate of [CO2] assimilation, A

– A = min(Ac, Aj)
where AC is the Rubisco-limited rate of CO2 assimilation 

Aj is the e- transport-limited rate of CO2 assimilation
• Both Ac and Aj are function of Ci

• The intercellular CO2 partial pressure, Ci
– Ci = Ca – A ( 1/gb + 1/gs ) 

where Cs is the leaf-surface CO2 partial pressure
gb the boundary-layer conductance

• The stomatal conductance, gs
– gs = g0 + ( A + Rd ) / ( Ci – C*

i ) fVPD

where g0 is the stomatal conductance when irradiance is 0 
Rd the dark respiration
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CO2 assimilation by photosynthesis

• The Farquhar, von Caemmerer and Berry model (FvCB)
– Ac, the Rubisco-limited rate of CO2 assimilation

𝐴! =
𝐶" − Γ∗ 𝑉$	&'(

𝐶" + 𝐾&$ 1 + 𝑂/𝐾&)
− 𝑅*

– Aj , the e- transport-limited rate of CO2 assimilation

𝐴+ =
𝐶" − Γ∗ 𝐽
4𝐶" + 8Γ∗

− 𝑅*

Maximum rate of Rubisco 
activity-limited carboxylation
(𝝁mol CO2 m-2 s-1)

Rate of e- transport
(𝝁mol e- m-2 s-1)

f  = (irradiance, …, Jmax )

Maximum value at 
saturated light
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Parametrization and co-dependancy of Vcmax and Jmax
• VC max,25= NUE x NL 
where NUE is the Nitrogen Use 
Efficiency and NL the leaf N content

VC max vs. Leaf N content

• Jmax,25 = rJ,V VC max,25
where NUE is the Nitrogen Use 
Efficiency and NL the leaf N content
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The base rate, Vcmax
25, still needs to be specified according

to species and nutrition, while the activation energy, Ha, is
derived as the average from the compilation and is the same
as for the model with and without temperature acclimation
(72 ! 3.3 kJ mol-1 for Vcmax and 50 ! 2.4 kJ mol-1 for Jmax).
The values, a and b, of the temperature regression param-
eters can be found in Table 3, and the deactivation energy,
Hd, is fixed at 200 kJ mol-1.

To evaluate the derived general models with and without
temperature acclimation, we compare them against the
individually fitted functions, using the RMSE (RMSEV and
RMSEJ) as described by Eqns 6 and 8. The individually
fitted functions describing Vcmax, fi(Tl), show small relative
variations below 25 °C and high relative variations above
25 °C (Fig. 4a). Therefore, RMSEV against the general nor-
malized temperature function without acclimation is small
below 25 °C and large above 25 °C (Fig. 4c). Including the
temperature acclimation of DS (Table 3; Eqn 9) had almost
no impact on the temperature dependence of Vcmax below
25 °C, but the optimum of Vcmax was shifted to higher tem-
peratures and higher values with increasing plant growth
temperatures (Fig. 4e). Accordingly, the temperature accli-
mation of DS did not affect the RMSEV range below 25 °C,
but reduced RMSEV by up to 25% at temperatures above
25 °C, depending on leaf temperature (Fig. 4g).

For Jmax, we show the temperature function rJ,Vg(Tl),
which assumes the value of Jmax

25/Vcmax
25 at 25 °C. This ratio

varies among the different temperature functions fitted to
the individual data sets. As a consequence, the variability
between individually fitted functions is relatively high for
the whole range of leaf temperatures (Fig. 4b), and RMSEJ

against the general normalized temperature function
without acclimation is relatively constant (Fig. 4d). Jmax nor-
malized to 1 at 25 °C would show a variability similar to
Vcmax. If the general model includes the temperature accli-
mation of DS and rJ,V (Table 3; Eqn 10), the optimum of Jmax

is shifted to higher temperatures with increasing plant
growth temperature, but almost constant optimum values
(Fig. 4f). Including the temperature acclimation generally
reduces the RMSEJ compared to no acclimation for a wide
range of leaf temperatures (Fig. 4h).

Impact of temperature acclimation
on modelled photosynthesis

Figure 5 presents the impact of the temperature acclima-
tion of Vcmax and Jmax on modelled light-saturated RuBP
carboxylation-limited photosynthesis (AC) and RuBP
regeneration-limited photosynthesis (AJ), using the general
model with temperature acclimation. Increasing plant
growth temperature from 10 to 25 °C shifts the optimum
temperature of AC from about 23 to 29 °C, and the optimum
temperature of AJ from about 29 to 33 °C. These results are
in good agreement with the optimum temperatures of pho-
tosynthesis published by Medlyn et al. (2002a). Maximum
values of AC increase, while maximum values of AJ

decrease. Both AC and AJ at low leaf temperatures are

Figure 3. (a) Individually fitted values
of the ratio Jmax/Vcmax at standard leaf
temperature of 25 °C (Jmax

25/Vcmax
25 = rJ,V)

against growth temperature. (b)
Individually fitted optimum temperature
of Jmax against Vcmax. (c) Jmax against Vcmax

at 25 °C leaf temperature but individual
growth temperature. (d) Jmax against Vcmax

at 25 °C leaf temperature extrapolated to
25 °C growth temperature using the
linear regression shown in (a). Open
symbols: plant growth temperature
> 18 °C; closed symbols: plant growth
temperature < 18 °C. Linear regressions
are shown in dashed lines and are based
on all points except when pretreated
(rectangles) and those shown in grey [(b):
points excluded with optimum
temperature above 50 °C; (a–d): points
excluded with optimum temperature
below 20 °C].
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Link between photosynthesis and fluorescence
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An extended model of the fate of absorbed light
� Extends the Farquhar model to include a mechanistic description of 
the electron transport system.
� First implementation done in ORCHIDEE

Johnson & Berry, 2021
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ORCHIDEE in the GREENSCALE proposal
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ORCHIDEE in the GREENSCALE proposal

Leaf Nitrogen
Content

VCmax

Jmax

?

• Can we reparametrize the VCmax/Jmax stochiometry
to represent the “Green Scale'' panel of 8 barley 
varieties and simulate the observed changes in 
photosynthesis activity ?
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• Can we reparametrize the VCmax/Jmax stochiometry
to represent the “Green Scale'' panel of 8 barley 
varieties and simulate the observed changes in 
photosynthesis activity ?

• Can we explicitly model the Chlorophyll
content (and the associated N) and use this     
information in our modelling scheme ?
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Leaf Nitrogen
Content
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Chlorophyll
Content

?

• Can we reparametrize the VCmax/Jmax stochiometry
to represent the “Green Scale'' panel of 8 barley 
varieties and simulate the observed changes in 
photosynthesis activity ?

• Can we explicitly model the Chlorophyll
content (and the associated N) and use this     
information in our modelling scheme ?

• Can we simulate the observed Chl fluorescence 
at field scale and how this information may help to 
better constrain the FvCB photosynthetic and 
fluorescence model ?

Fluorescence


